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By Russe l l  D. Shat tuck 
SUMMARY 
Tes t s  were conducted a t  a l t i t u d e s  of 10,000, 20,000, and 30,000 
f e e t  a t  speeds of Mach 0.4,  0.6,  and 0.8.  It was found t h a t  t h e  sound 
p re s su re  l e v e l s  on t h e  a f t  fuse lage  of a  j e t  a i r c r a f t  i n  f l i g h t  can be 
est imated using an equat ion involving t h e  t r u e  a i r speed  and t h e  f r e e  
a i r  dens i ty .  The c ros s -co r re l a t ion  c o e f f i c i e n t  over a  spacing of 2 . 5  
f e e t  was genera l ized  wi th  S t rouha l  number. The spectrum of t h e  no i se  
i n  f l i g h t  i s  comparatively f l a t  up t o  10,000 cyc le s  per  second. 
INTRODUCTION 
The experimental examination of both boundary-layer and je t -engine  
noise  has been c a r r i e d  on q u i t e  thoroughly on t h e  ground, b u t  no i se  
s t u d i e s  under f l i g h t  condi t ions  have not  been ex tens jve .  The very  near  
no i se  f i e l d  was e..amined in  f l i g h t  by Fakan and Mull ( r e f .  1) and Ribner 
( r e f .  2 )  and on t h e  growid by Howes, e t  a l .  ( r e f .  3 ) .  The f a r  no i se  
f i e l d  of an a i r c r a f t  i n  f l i g h t  a s  observed from thc ground was s tud ied  
and repor ted  by Greatrex and Brown ( re f .  4 ) .  F luc tua t ing  pressures  on 
t h e  forward fuse lage  and on the  wing of an a i r c r a f t  i n  f l i g h t  were s tud-  
i ed  by Mull and Alg ran t i  ( r e f .  5 ) .  
The purpose of t h e  present  t e s t s  was t o  provide genera l ized  expres- 
s ions  i n  terms of f l i g h t  condi t ions  f o r  t h e  noise  pressure  and t h e  cor-  
r e l a t i o n  o f  t h e  p re s su re  f l u c t u a t i o n s  on a  fuselage.  The pressures  and 
t h e i r  c o r r e l a t i o n s  a r e  of g r e a t  i n t e r e s t  t o  a i r c r a f t  s t r u c t u r a l  des igners .  
Tiiese t e s t s  were concerned wi th  t h e  pressure  f l u c t u a t i o n s  a s  seen by t h e  
a i r c r a f t  fuse lage  in  c l o s e  proximity t o  a  j e t  engine i n  f l i g h t .  This 
reg ion  can n e i t h e r  be descr ibed a s  t h e  near nor t h e  f a r  no i se  f i e l d  of 
t h e  engine; however, it i s  a problem a r e a  i n  s t r u c t u r a l  design.  
I n  order  t o  be ab l e  t o  compare t h e s e  r e s u l t s  with those  of o the r s ,  
some measurements were made of t h e  boundary-layer v e l o c i t y  p r o f i l e .  
The p re s su re - f luc tua t ion  measurements repor ted  here  were made wi th  
a p a t t e r n  of n ine  microphones spaced i n  t h e  s t i n  of t h e  a f t  fuse lage  of 
a B-5IB a i r c r a f t  i n  a gene ra l  d i r e c t i o n  of  4 ~ '  from t h e  a x i s  of t h e  s t a r -  
board engine. Measurements were made on t h e  ground a t  zero v e l o c i t y  and 
a t  a l t i t u d e s  of 10,000, 20,000, and 30,000 f e  -t a t  Mach numbers of 0.4,  
0.6,  and 0.8.  
SYMBOLS 
a speed of sound, f t / s e c  
el,eZ time-varying e l e c t r i c a l  s i g n a l  from microphones 1 and 2, v o l t s  
I frequency, cps 
L spacing between microphones, f t  
N~ S t rouhal  n~unber, ~ L / V  
P pressure ,  l b / sq  f t  
9 dynamic pressure,  l b / s q  f t  
c o r r e l a t i o n  c o e f f i c i e n t ,  fig 
r l ~  r2 
SPL 
v 
'cal 
P 
'e 
OSi!  
d i s t a n c e  from a source t o  microphones 1 and 2, f t  
sound p re s su re  l eve l ,  db ( r e  0.0002 dj nes/cm2) 
t r u e  airspeed,  f t / s e c  
i nd ica t ed  a i r speed  cor rec ted  f o r  i n s t a l l a t i o n  e r r o r s ,  f t / s e c  
d e n s i t y  of  a i r ,  s lugs/cu f t  
a i r  d e n s i t y  a t  p ressure  a l t i t u d e ,  s lugs /cu  f t  
a i r  d e n s i t y  a t  sea  l eve l ,  s lugs/cu f t  
A B-57B aircraft was chosen for these tests, since this aircraft has 
wing-mounted engines so located as to make the aft end of the fuselage 
correspond roughly to the 4s0 direction from the engine. Accordingly, 
taking into account the mechanical and structural considerations in the 
aircraft, the microphone array was positioned as closely as possible to 
this maximum noise direction. 
To obtain the acoustic data, nine microphones were installed flush 
with the outer surface of fuselage in a longitudinal linear array of 
2.65 feet. The microphones used were conventional Altec-Lansing type 
M-14 condenser microphones using 21BR-150 microphone capsules. The power 
for each microphone was supplied through individual filter and metering 
packages using 400-volt and 28-volt direct-current supplies on the 
aircraft. 
The closeup photographs (figs. 1) show the outside and inside of 
the aircraft with several of the microphones installed and with blank 
plugs in the places of the remainder of the microphones. These plugs 
were inserted when a microphone was removed for other purposes. De- 
tailed locating dimensions are given in figure 2. 
The outputs of the nine microphones were recorded on an Ampex model 
300, 14-channel flight recorder. 
Mlcl-ophone sensitivity-level calibrations were made at the beginning 
of each flight by placing a small loudspeaker-type acoustic calibrator 
over each microphone and tape-recording a refcrence sound signal level. 
The frequency response of the recorder and playback system was 
checked and found to be linear from 40 to 12,500 cycles per second within 
approximately T1.5 dccibcls on all channels of interest. The response 
of each of the microphones is within t1.5 decibels of the average re- 
sponse of thc group from 30 to 10,000 cycles per second. The net re- 
sponse correction for the recorder plus the microphone is given in 
figure 3. 
Data published by the microphone manufacturer (ref. 6) show a 
pressure-altitude coefficient of about +1 decibel per 10,000 feet and a 
temperature coefficient of -0.04 decibel per degree Centigrade. The 
level adjustments that have been made to the data are given in table I 
under "Net level correction." The temperature correction was based on 
the calibrated air temperature. 
Thp correlations of the pressure fluctuations were determined on a 
specialized analog computer called a correlation computer. This com- 
puter is capable of measuring the correlatlorl coefficient for any two 
alternating-current signals up to about 20,0( 0 cycles per second at a 
lTelative time delay that can be adjusted fron about 2 milliseconds lead 
to 3 milliseconds lag. The computer is thorcughly described by C8:rlson 
in reference i .  
The cross-correlation coefficient is defined as 
where el and e2 are the time-varying electrical signals from a pair 
of microphones spaced a distance for which tk.e cross-correlation coeffi- 
cient is desired. The cross-correlation coefficient of a single fre- 
quency source as measured by two spaced receivers is the cosine of the 
phase-angle difference between the signals at the two receivers. The 
phase angle is 2nf(r2 - rl)/a. The correlation of random sounds such 
as jet or boundary-layer noise is essential13 the "togetherness" of the 
two signals. 
A total-pressure probe and a static-pressure tap were installed to 
neasure the boundary-layer velocity profile. The first two microphone 
stations were used for this test. The orientation of the wall static 
tap and the total-pressure probe is shown in figure 4. 
TEST METHODS 
Microphones were calibrated before each flight using the following 
procedure: 
(1) One or two hours before takeoff', pow3r was applied and the micro- 
phones and tape recorder were allowed to warm up. 
(2) After about one-half hour the microy?ones were removed from 
their nounts in the aircraft skin; and, using the acoustic calibrator, a 
reference sound level was recorded on each mixophone channel. 
(3) After calibration, the microphones w-re replaced in their mounts. 
Power remained on the system until the eid of the flight except for 
a 15-minute period during which the airplane Jas moved out of the hanger 
for preflight checks. 
In flight, upon establishing the require1 altitude and Mach number, 
the recorder was started and the acoustic dat3 from the microphones were 
simultaneously recorded on ind iv idua l  t a p e  channels. Ehgine and f l i g h t  
condi t ions  wcre recorded from voice cornments on t h e  a i r c r a f t  intercom 
system us ing  a  spare  channel of t h e  t ape  recorder .  
The a n a l y s i s  of t h e  t a p e s  f o r  l e v c l  and s p e c t r a  was accomplished 
d i r e c t l y  from t h e  playback of t h ~  14 channel tapes .  Since t h e  c o r r c l a -  
t i o n  computer i s  a  t w o - c h a n n ~ l  machine, it was necessary t o  t r a n s c r i b e  
the des i r ed  p a i r s  of channels onto two-channel t a p e s  from t h e  14- 
0 channcl f l i g h t  da ta .  
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F l i g h t  Conditions 
The p r i n c i p a l  conclusions i n  t h i s  r e p o r t  a r c  based on t h e  conditiorls 
of f l i g h t  given i n  t a b l e  11. 
Boundary Layer 
The v e l o c i t y  p r o f i l e  was measured a t  t h e  folward end of t h e  micro- 
phone p a t t e r n  outward t o  a  maximum d i s t ance  of about 0 .6  foo t  from t h e  
sk in .  The r e s u l t s  of t h e s e  measurements a r e  given i n  f i g u r e  5. The 
measurements i n d i c a t e  a boundary-layer t h i ckness  of approximately 1 . 0  
f o o t .  The boundary-layer t h i ckness  i s  no t  e x a c t l y  def ined  because of 
t h e  momentum l o s s  behind t h e  wing due t o  t h e  drag  of t h e  wing. This  l o s s  
makes t h e  t r u e  va lue  of t h e  l o c a l  f ree-s t ream v e l o c i t y  r a t h e r  obscure.  
Data repor ted  by S i l v e r s t e i n  and Katzoff ( r e f .  3 )  i n d i c a t e  t h a t  a  con- 
s i d e r a b l e  l o s s  i n  f ree-s t ream t o t a l  p re s su re  should be encountered a t  
t h e  l o c a t i o n  of t h e s e  measurements. However, an at tempt  t o  eva lua t e  
t h e s e  l o s s e s  using t h e  d a t a  of r e f e rence  8 d id  no t  c o n t r i b u t e  toward 
de f in ing  t h e  boundary l a y e r  more p rec i se ly .  
The wing i n t e r f e r e n c e  causes a d d i t i o n a l  problems when no i se  meas- 
urements a r e  made i n  t h i s  a r ea .  F i r s t ,  t h e  a l t e r e d  "free-stream" veloc-  
i t y  i n t o  which t h e  j e t  exhzusts  i s  no longer  simply t h e  a i r c r a f t  forward 
ve loc i ty .  Secondly, t h e  f l u c t u a t i n g  p re s su res  i n  t h e  boundary l a y e r  a r e  
u s u a l l y  found t o  be r e l a t c d  t o  t h e  f ree-s t ream dynamic pressure,  bu t  i n  
t h e  c u r r ~ n t  t e s t s  t h e  "free-stream" dynamic pressure  may not  be t h a t  
which correspo:?ds t o  t h e  a i r c r a f t  v e l o c i t y .  
Sound Pressure Level 
The f l u c t u a t i n g  pressure  l e v e l s  measured i n  t h e  va r ious  f l i g h t s  a s  
w e l l  a s  t h e  sound pressures  measured on t h r  graund a r e  presented i n  
t a b l e  111. The sound pressure  l e v e l s  measured on t h e  a i r c r a f t  sk in  on 
t h e  ground havr. an a7rerage o f  lL5.Zt2 d e c i b e l s  a t  t h e  engine power s e t -  
t i . 1 ~  lf 71.2 perce:l t .  (Only t h e  eng ine  n e a r  :st t h e  microphone p a t t e r n  
was r -at rd for. t h e s e  d a t a .  ) 
T ~ P  f l u c t u a t i n g  p r e s s u r e  l e v ~ l s  obse rve1  i n  f l i g h t  range from a low 
d f  1 2 1  d-cib-1s a t  t h e  l o w ~ s t  spet-~d and h i g h l s t  a l t i t u d e  t o  a h i g h  ~f 
1;: d m c i b ~ l s  a t  t h e  h i g h e s t  speed and l o w ~ s t  a l t i t u d - .  The rang(. o f  
&lntssL:rt i  1. v e l s  i s  about  3 d e c i b e l s  f o r  t h e  i i f f ~ r e n t  speeds  a t  each 
a l t  i t u d r .  
F 
t-J The o v e r a l l  sound p r e s s u r e  l e v e l  i s  n e a - l y  a l i n e a r  Punct ion o f  P 
tP 
c s l i b r a t e d  a i r s p e e d ,  as shown i n  f i g u r e  6 .  If cons idered  as a f u n c t i o n  o 
2 q = pVca1/2, o v . ' r a l l  sound p r e s s u r e  l ~ u r .  L i s  r e a s o n a b l y  w e l l  r i p -  
SPL = 20  l o g  q + : i 
A cu rve  showing t h i s  f u n c t i o n  i s  g iven  i n  f i , : u r e  I ,  w h i l r ~  it can be  
campart d w i t h  t h e  observed d a t a .  An e s t i m a t .  o f  t h e  p l -essure  f l u c t u -  
a t i o n  lcvt-1 can b e  made u s i n g  t h e  r e l a t i o n  s lggested b y  Ribner  ( r e f .  2 ) :  
SPL = 104.6 + 40  loglO 
A comparison o f  t h i s  e q u a t i o n  and t h e  mr>asurements r e p o r t e d  h e r e  i s  
p r e s e n t e d  i n  t a b l e  I V .  It a p p e a r s  t h a t  t h e s t ,  d a t a  would more n e a r l y  
match R i b n e r ' s  e s t i m a t e  i f  h i s  c o n s t a n t  were changed from 104.6  t o  100.6.  
T l ~ i s  d i s c r e p a ~ l c y  might b e  due t o  t h e  d i f f e r e l i c e  between t h e  f r e e - s t r e a m  
. f c l o c i t y  and t h e  a c t u a l  l o c a l  v e l o c i t y  e x i s t  ng behind t h e  wing. 
R i b n e r ' s  e q u a t i o n  p r e d i c t s  t h e  l e v e l s  sliould change about  3 d e c i b e l s  
w i t h  each a l t i t u d e  s t e p  t e s t e d .  Th is  i s  s u b : ; t a n t i a t e d  i n  f i g u r e  3. 
The r e l a t i o n  sugges ted  by Ribner  reduce:.  t o  t h e  one s t a t e d  p r e v i o u s l y  
w i t h  a d i f f e r e n t  c o n s t a n t .  I n  o t h e r  words, I i ibner g i v e s  
w i t h  q based on t r u e  a i r s p e e d .  Using t h e  ! uggested c o n s t a n t  o f  100.6 
i n s t e a d  ~ ' f  t h e  o r i g i n a l  104.6, it becomes 
SPL = 20 l o g  q + 7 '  
A c n - a ~ a r i s o n  o f  f i g u r e s  6 and 8 shows t k a t  a c o n s i d e r a b l e  improvp- 
m+nt ir, g - ~ i e r a l L z i n g  i s  made i f  c a l i b r a t e d  a j r s p e e d  is  used r a t h e r  t h a n  
t1.u:. a i r s p c ~ d .  
Another way to consider the overall sound pressure levels is com- 
monly used in boundary-layer studies. This is a representation of the 
ratio of sound pressure to free-stream dynamic pressure against Mach 
number. Figure 9 shows this function. 
Spectra, Flight 
The noise spectra in flight fall into two distinct categories, as 
shown in figure 10. Figure 10(a) is typical of any flight condition 
under which the engine power setting is just that required to overcome 
drag. Figure 10(b) shows the spectrum that is typical of conditions 
under which there is power in excess of that required to overcome drag, 
such as in a climb or in acceleration. 
The level-f light constant- speed spectrum is essentially continuous, 
but the "excess-power" case shows a sharp rise in level near 400 cycles 
per second. The exact frequency of this discontinuity is indicated to 
be a function of the a~ount of excess power for the particular flight 
conditions. If the excess is large, the discontinuity occurs at the 
500- or 630-cps band, whereas a small power excess displaces the dis- 
continuity toward the 200-cps band. 
At an altitude of 20,000 feet, an 85-percent engine power setting 
is required to maintain a constant Mach number of 0.55. When the power 
is increased from idle (64 percent) to maximum (99 percent), the overall 
noise level increases 2.050.5 decibels over the entire measurement span 
of 2.65 feet. Some individual bands increased 5 decibels. 
Spectra, Ground 
The spectrum as observed on the ground is given in figure 11. This 
is a simple average of the sound pressure levels for each microphone in 
each third octave. Below 100 cycles per second there is little differ- 
ence between ground and flight data, but the higher frequencies become 
much less dominant once the aircraft is in flight. 
Correlation Coefficient 
The measured correlation coefficients are given in detail in figure 
12. Disregarding that part of the curves between zero and about 0.5 
foot, it is evident that, for any one Mach number, the curves are sim- 
ilar except for a scale factor. Comparing the curves at any one fre- 
quency and different Mach numbers also shows a similarity except for a 
scale factor. These facts indicate that a generalization might be 
possible using Strouhal number ( N ~  = ~ L / v ~ ~ ~ ) .  
Calcula t ions  of  S t rouhal  number a t  a  iiunber of f requpncics  and Mach 
numbers were made, and t h e  r e s u l t s  a r c  given i n  f i g u r e  1 3 ( a ) .  This shows 
t h a t  S t rouhal  nurber  i s  a  reasonably good ge l e r a l i z i n g  r e l a t i o n .  The 
spread i s  s t i l l  appreciable, but  some of t h i s  may be ass igned  t o  t h e  
unce r t a in ty  i n  t r u e  stream v e l o c i t y  bccadse ~ f  t h e  wing in t e r f e rence .  
The values of S t rouha l  number corresporiling t o  t h e  zero crossiilgs of 
f i g u r e  12 a r e  shown i n  f i g u r e  1 3 ( b )  f o r  t h e  ;hrrc  Mach ilumbers t e s t e d .  
An approximate curve i s  shown f o r  t h e  c o r r e l i t i o n  c o e f f i c i e n t s .  
It i s  noted on a l l  curves t h a t ,  f o r  S t r ~ u h a l  numbers g r e a t e r  than  
0.2, t h e  f i r s t  rnaximu~n negat ive  va lue  of t h e  c o r r e l a t i o n  c o e f f i c i e n t  i s  
l e s s  than  t h e  fol lowing p o s i t i v e  value.  The reason f o r  t h i s  i s  obscure 
a t  p resent  bu t  may be due t o  the presence of higher  c o r r e l a t e d  sounds 
such a s  t h e  engine. 
The presence of  engine noise  could a l s o  account f o r  t h e  f a c t  i l l a t  
t i ~ r  genera l ized  c o r r e l a t i o n  bt.tween St rouhal  n-umber and c o r r e l a t i o n  
c o e f f i c i e n t  f a l l s  down below NS = 0.2.  
Using t h e  genera l ized  c o r r e l a t i o n  c o e f f i c i e n t  given i n  figurc 1 3 ( b ) ,  
t h e  c o r r e l a t i o n  c o e f f i c i e n t  f o r  1000 cyc les  per s ~ c o n d  was computed a t  
two Mach numbers. The computed coc f f i c i f . n t  2nd t h e  measured coerf  i c i e n t  
a r e  given i n  f i g u r e  14. It i s  seen t h a t ,  i n  order  t o  r e so lve  tlie values 
of t h e  co r r e l a t io r ,  c o e f f i c i e n t  a t  1000 cyc les  per  secofid, a microphone 
spacing i ~ t c r v a l  of l ~ s s  than  0 . 1  f o o t  i s  ne?ded. Since t h e  l e a s t  i n t r r -  
v a l  i :~ t h i s  t e s t  was about 0.: foo t ,  t h e  cu r f e s  f o r  t h ~  higl ler-frequel l~y 
cori.txlation c o c f f l c i e n t s  a r c  somewhat mis lea j ing .  
SUMMARY OF RESULTS 
Four major observa t ions  a r e  s u b s t a n t i a t  ?d by these  t e s t s :  
1. The o v e r a l l  sound pressure  l e v e l  on the skin, even i n  t h e  d i r ec -  
t i o n  of maximuq engine i n t e n s i t y ,  i s  l a rge ly  con t ro l l ed  by t h e  boundary 
l a y e r  and i s  given by 
2 .  The one -~h i rd -oc t ave  noise  spcc t r7m i s  ~ i e a r l y  f l a t  i n  l e v e l  
f l i g h t ,  b u t  shows a  s l i g h t  r i s e  i n  t h e  higher  f requencies  on t h e  ground. 
3. There i s  d e f i n i t e  and apprec iab le  c c r r e l a t i o n  i n  th i rd-oc tave  
bands a t  d i s t ances  of a few f e e t .  
4. The correlation coefficient is generalized through the use of 
Strouhal number over several zero crossings. 
Lewis Research Center 
National Aeronautics and Space Administration 
Cleveland, Ohio, June 12, 1961 
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TABLE I. - MICROPHONE SENSITIVIr?Y CORRECTION 
TABU3 11. - FLIGW CONDITIONS 
I F l i g h t  4 I 
Pressure  
a l t i t u d e ,  
f t  
Ground run  
Mach 
n m b e r  
Power 
s e t t i n g  
Ca l ib ra t ed  
airspeed,  
f t / s e c  
T r ~ e  
a i r s 1  eed, 
f t / :  e c  
Cal ibra ted  
a i r  temp., 
O C  
True a i r  
temp., 
O C  
TABLE 111. - SOUID PRESSURE LEVELS (FNS VALUES CORRECTED 
FOR MICROPHONE TEMPERATURE AND ALTITUDE EBRoRS) 
Groulid r u ~  
Ground 
0 
1 
2 
3 
4 
5 
6 
p, 
9 
10 
Average 
Alti tude,  
f t 
M3ch n m t e r  
I Position I Sound pressure level ,  db I 
Position 
Flight 2 
Flight 4 
30,000 Al t i tude  , 
ft 
Mach nwnber 
I Average 
S:und pressure 1- \e l ,  db 
F l i t h  t 1 
20,000 
0 .3  
134.5 
135.5 
135.5 
----- 
133.5 
135.5 
135 .,5 
135 .L 
136.5 
135.3 
20,000 
0. 
50,000 
0. 
132.5 
- - - - -  
130.5 
131. i 
130.0 
129. ,5 
152.0 
132. 0 
4 
131.6 
10,000 
)O, 000 
0. : 
129.5 
152.5 
130.5 
131.5 
130.5 
- - - - -  
132.5 
131.5 
132.5 
131.4 
1'50.0 
- - - - -  
2 5 
123.5 
133.5 
133.5 
129.5 
132. 0 
133.0 
131.1 
20, 000 
0. 29 
124. 5 
125.5 
127.5 
128. i j  
127.5 
125.5 
129.5 
128.5 
1 2 9 . 5  
12; .4  
0.41 0. 60 0. 76 0. -0 0.49 0. 60 0. 6 1  0. 81 
TABLE I V .  - COMPARISON OF CA JCUMTED 
AND MEASURED SOUND PRES;URE 
Pressure 
a l t i t u d e ,  
ft 
Mach Sound pr~ssu-e l e v e l ,  db 
number 
0 .39 12'. 4 124.6 
. 6 0  134.8 129 .8  
. 76 139.9 132.6 
20,000 
30,000 
0 . 4 1  124.6 12%. 5 
. 6 0  130.9 126.9 
. B 1  136.2 131.7 
0.49 123 .3  121.0 
.61 127.4 123.8 
. 8 0  132.2 1 2 1 . 5  
"using Ribner '  s equat ion ( r e f .  2). 


(c)  Closeup showing mounting d e t a i l s  ins ide  fuselage.  
Figure 1. - Concluded. Measuring s t a t i ons  on a f t  end of B-57B a i r c r a f t .  
P o s i t i c n  of /GZET/ 
micr-phanes 
s<de sho.*r:ng a-?-angeqefit of measurir.g s t  2 t i o n s  on a i r c r a f t  s k i n .  
(t) Tcp view showing l o c a t i o n  of rneasliring s t a t i c n s  w i t h  r e s p e c t  t o  engine .  
Figure 2 .  - Laca t ion  and arrangement of microphones. 



Distance from wall, ft 
(b) Altitude, 20,000 feet. 
Figure 5. - Continued. Variation of air velocity with distance from 
fuselage wall. 
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Figure 9. - Variation of ratio of sound pressure to dynamic pressure with 
Mach number. 



( a )  Mach number, 0 . 4 1 .  (km) Mach n ~ m b e r ,  0 . 6 0 .  ( c )  Mnch nl , ir~ber,  021. 
F l ~ ~ l r e  12.  - V a r i a t i o r  cf c o r r e l a t i o n  c c e f f i c i e n t  with spacir lg .  A l t i t . d e ,  20,000 f e e t .  


F' 
t-' 
t-' 
tP 
0 
( a )  Vach number, 0. 11. 
1.0 
.5 
0  
-. 5 
0  .5 1 . 0  1.5 2.0 2.5 
Spacing, f t  
(b)  'Mach number, 0. 81. 
Figure 14. - Measured and c a l c u l a t e d  c o l ~ e l a t i o n  c o e f f i c i e n t s  a t  
1000 cycles per  second. Al t i tude ,  20:000 f e e t .  
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